Introduction 1
Phenolic acids including hydroxycinnamic acids and hydroxybenzoic acids are ubiquitous in the plant kingdom. Phenolics readily scavenge radical species by forming resonancestabilized phenoxy radicals, which are responsible for their potent antioxidant 1,2 and radical-scavenging capabilities. 3, 4 Recently, phenolic acids and their derivatives are shown to reduce the risk of chronic diseases. [5] [6] [7] [8] [9] The esterification and amidation of phenolic acids are practical techniques to improve their solubility and emulsification properties as well as enhance their antioxidant and antidiabetic activities. [10] [11] [12] [13] [14] [15] [16] The amidation of selected hydroxycinnamic acids and hydroxybenzoic acids improved their antioxidant activities. 14 The serine esters of phenolic acids exhibited superior antioxidative activity in heterogeneous systems. 15 The amides of ferulic acid with alkyl or cyclic alkyl amines promoted insulin release in in vitro experiments. 16 The conversions of phenolic acids to the corresponding esters or amides are generally carried out by three or four synthetic steps: ---been studied for practical use. 27 Recently, the accurate mass spectrometric determination of a phenolic compound in vivo has been reported using the corresponding isotopomer as the internal standard. 28 An isotopomer was also used as the labeled compound for the in vivo dynamics analysis. 29 An isotopomer of CAPE is an ideal internal standard and a metabolic tracer. In general, an isotopomer is chemically synthesized and labeled with a stable isotope of 13 C. A high-yield method is needed for the synthesis of 13 C-labeled compounds because of the expensiveness of the labeled compounds. As a practical example of our convenient developed method, the isotopomers of CAPE were synthesized from 13 C-labeled caffeic acid and 2-phenethyl alcohol in excellent yields.
Results and discussion
To develop a convenient method to obtain phenolic acid esters and amides, we initially protected the phenolic hydroxyl group by Boc, which has been used extensively as a protecting group in peptide chemistry. 30 Di-tert-butyl dicarbonate ((Boc)2O, 1.2 equiv) was reacted with ferulic acid in the presence of 0.1 equiv of DMAP as the catalyst and 1.0 equiv of triethylamine (TEA) as the base. After reacting for 2 h at 0 °C, the Boc-protected ferulate, (E)-4-tert-butoxycarbonyloxy-3-methoxycinnamic acid (1, Fig.  1 ), was obtained in 60-70% yields in several synthetic experiments. In these reactions, a by-product was formed in 10-20% yields. From the 1 H and 13 C NMR analyses, the structure of the by-product was established to be tert-butyl (E)-4-tertbutoxycarbonyloxy-3-methoxy-cinnamate (2, Fig. 1 ). The carboxylic acid group of 1 may have reacted with (Boc)2O to form a mixed anhydride followed by the reaction of the mixed anhydride with tert-butyl alcohol liberated from (Boc)2O to afford tert-butyl ester 2. Therefore, we synthesized the mixed anhydride of ferulic acid with Boc. Ferulic acid was reacted with 2.2 equiv of (Boc)2O in the presence of 0.05 equiv of DMAP and 1.0 equiv of TEA at -15 °C for 2 h, and (E)-4-tertbutoxycarbonyloxy-3-methoxycinnamic mono-tert-butyl carbonic anhydride (3a) was obtained as a white crystal in 82% yield. The reaction of 3a with tert-butyl alcohol afforded 2.
The simultaneous protection/activation of ferulic acid to form 3a can be utilized for a high-yield convenient synthesis of phenolic acid derivatives by reducing a synthetic step. Therefore, selected protected ferulic acid mixed anhydrides were prepared to optimize the protection/activation condition. Table 1 shows the results of the preparations of protected ferulic acid monoalkyl carbonate mixed anhydride and their conversions to the corresponding piperidine amides. Compounds 3b-h were synthesized using monoalkyl chloroformates or acid chlorides under the similar conditions as for 3a. The protected ferulic acid mixed anhydrides were obtained in excellent yields, except unstable 3h. No by-product such as 2 was formed in the reaction using the monoalkyl chloroformates or acid chlorides. After the reaction, the mixed anhydrides were obtained as almost pure products simply by filtration to remove triethylamine hydrochloride precipitate and evaporation to remove the solvent. All the obtained products except 3c and 3e were recrystallized. Usually, the isolation and crystallization of anhydrides are difficult because of the instability at room temperature. The phenolic acid mixed anhydrides are easy to use because of their stable nature. Table 1 also shows the yields of (E)-N-feruloyl piperidine (4) obtained from the reaction of 3a-h with piperidine. Urethane-type protecting groups on the phenolic hydroxyl group of 3a-f are cleaved with nucleophilic bases as reported previously. 30 Therefore, the amidation and deprotection could be carried out at once using excessive amounts of piperidine, and 4 was obtained in excellent yields from 3a-c. The yield of 4 from 3d-f improved when the bulkiness of the acyl side chain was increased, even though the reactions of 3g and 3h with piperidine did not afford 4. In the reaction of 3h with the smallest acyl group, only ferulic acid was obtained. The bulkiness of the acyl group on the protected ferulic acid mixed anhydrides was important to afford 4. In the reaction of 3g, the amidation occurred quantitatively; however, the deprotection of the pivaloyl group with piperidine did not proceed. Collectively, (Boc)2O and iso-butyl chloroform- ate (iBocCl) were concluded to be favorable protecting/activating reactants to synthesize the phenolic acid piperidine amides.
Based on the results shown in Table 1 , tert-and iso-butyl carbonate mixed anhydrides were synthesized from selected phenolic acids (Table 2 ). The protected mixed anhydrides of hydroxy cinnamates, p-coumaric acid (5b), sinapinic acid (6b), and caffeic acid (7b) were obtained in high yields, and the products except those from caffeic acid were crystallized. The compounds, 5b, 6b, and 7b, containing iBoc groups were obtained in higher yields than 5a, 6a, and 7a containing Boc groups, where the lower yields can be attributed to the side reactions to afford each tert-butyl ester as described before. Therefore, the mixed anhydrides of hydroxy benzoates, phydroxy benzoic acid (8) , vanillic acid (9), syringic acid (10), and gallic acid (11) were synthesized using iBocCl in high yields. The simultaneous protection/activation using various types of phenolic acids by iBocCl was conveniently demonstrated to undergo subsequent esterification and amidation.
Next, we examined the conversions of phenolic acids to their corresponding esters and amides in one-pot reactions using iBocCl. The results are shown in Table 3 . Diverse phenolic acids were converted to the corresponding esters and amides in good yields in one-pot reactions. Primary and secondary amines including cyclic amines readily reacted with the phenolic acids to afford the corresponding amides (12, 18, 20, and 26). The esters of primary alcohols (13, 14, 21, 23, and 27), secondary alcohols (19 and 24), tertiary alcohols (15 and 22), and phenols (16, 17, and 25) with the phenolic acids were obtained. The average yield was 91%, and all the products were obtained in one day. Thus, a convenient conversion of phenolic acids to their esters and amides was achieved using iBocCl in one-pot reactions. However, the esterification and amidation of gallic acid failed, even though the protected anhydride of gallic acid (11) was readily obtained. To obtain the esters and amides of gallic acid, more rigid protection of the hydroxyl groups such as with pivaloyl group may be necessary allowing lower yield. In fact, we synthesized epigallocatechin gallate using pivaloyl-protected gallic acid. 31 Using the developed convenient method, CAPE (21) was readily synthesized from commercially available caffeic acid and phenethyl alcohol in a high yield. CAPE has distinguished biological activities as described previously. [22] [23] [24] [25] For further investigations to elucidate the detailed in vivo dynamics of CAPE, its isotopomer can be utilized as a metabolic tracer and an internal standard for the dynamics analysis. In this study, two types of isotopomers of CAPE, [3,10- 13 C2]CAPE (28) and [10- (29) were conveniently synthesized in high yields by using our method at the final condensation step. The isotopomer of CAPE (28) was synthesized as shown in Scheme 1. First, the hydroxyl groups of catechol moiety were protected with methylene acetal to avoid decomposition during the synthetic process. Therefore, 1-bromo-3,4-(methylenedioxy)benzene (30) was used as the starting material. The bromine-lithium exchange of compound 31 using aeriform carbon-13 C dioxide as the electrophile afforded carboxylic acid 31 in a good yield. The reduction of the 13 C-labeled carboxylic acid 31 with LAH to alcohol 32 and the subsequent oxidation of alcohol 32 with NaClO afforded aldehyde 33. The aldol product of 34 produced by the aldol condensation of aldehyde 33 with ethyl acetate was d eh yd r a t ed wi t h 1 -e t h yl -3 -(3-d i me t h yl a m i n o p ro p yl ) Figure 2 . CAPE and the isotopomers were selectively determined by the LC-MS analysis using the selected ion monitoring (SIM) mode as shown in Figure 3 , and the isotopomers were applicable as the internal standards for the in vivo dynamic analysis of CAPE.
The chemical synthesis of CAPE from caffeic acid and 2-phenethyl alcohol was reported by Chen et al. DCC was used as the condensation agent, and the yield of CAPE was 38% in three steps. 33 Chen et al. reported the one-step enzymatic synthesis of CAPE by immobilized lipase at a conversion rate of 91.9% after 59 h at 60 °C reaction. 21 Using our method, CAPE was synthesized in 95% yield in 2 h reaction from unprotected caffeic acid and 2-phenethyl alcohol in a one-pot reaction. Furthermore, the isotopomers of CAPE, 28 and 29, were synthesized in 91% and 88% yields, respectively, from the corresponding isotopomers of caffeic acid and 2-phenethyl alcohol, in one-pot reactions.
Our esterification and amidation of phenolic acids was a modified method of mixed anhydride method for peptide synthesis using iBocCl 34 and esterification using mixed carboxylic-carbonic anhydrides and DMAP. 35 The advantage of our method is simultaneous protection of phenolic hydroxyl group(s) on phenolic acid in the esterification and amidation. A one-pot esterification of N-protected amino acids using isopropenyl chloroformate has been reported by Jouin et al. 36 In the report, the esterification is described as being inadaptable to preparation of esters with free hydroxyl group on amino acid side chain. Using iBocCl and optimum condition setting for the simultaneous protection/activation could achieve our convenient esterification and amidation of diverse phenolic acids.
Conclusion
In this study, the developed method could convert phenolic acids to the corresponding esters and amides in one-pot reactions using iBocCl. Sixteen types of esters and amides as shown in Table 3 were synthesized in one-pot reactions in 91% average yield and over 82% yields from eight types of phenolic acids. Using the method, we obtained CAPE in 95% yield in a one-pot reaction for 2 h. This result afforded the highest yield and shortest reaction time ever reported for CAPE synthesis. This protocol was then applied to the preparation of isotopically labeled CAPE. Hence, it may be a versatile method to obtain the phenolic acid derivatives in better yields.
Materials and methods

Chemicals
All the chemicals and solvents were purchased from commercial suppliers and used as received without further purification. NaCl, NaClO, NaHCO3, KHSO4, H2SO4, Na2SO4 (anhydrous), LiOH, DCM, methanol, ethanol, n-hexane, ethyl acetate, THF, TEA, acetonitrile (HPLC grade), diethyl amine, 1.0 M BBr3 in DCM, and p-hydroxy benzoic acid were purchased from Kanto Chemical Co., Inc. (Tokyo, Japan). Piperidine, TFA, DMF, and DMAP were purchased from Watanabe Chemical Industries, Ltd. (Hiroshima, Japan). Phenol, isopropanol, tertbutanol, -naphthol, 1,4-dioxane, 0.10 M HCl, sodium dihydrogen phosphate, CuCl(I), 1.6 M butyllithium (BuLi)/hexane, ferulic acid, vanillic acid, syringic acid, gallic acid, p-coumaric acid, sinapinic acid, caffeic acid, iso-propyl amine, N,N-di-iso-propylamine, acetyl chloride, ethyl chloroformate, methyl chloroformate, n-propyl chloroformate, nbutyl chloroformate, (Boc)2O, iBocCl, EDC·HCl, 2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO), and 1-bromo-3,4-(methylenedioxy)benzene were purchased from Wako Pure Chemical Industries (Osaka, Japan). Pivaloyl chloride, LAH, benzyl magnesium chloride, chloroform-d (CDCl3), methanol-d4 (CD3OD), dimethyl sulfoxide-d6 (DMSO-d6), and 2 M LDA in THF/heptane/ethylbenzene were purchased from Sigma-Aldrich (St. Louis, MO, USA). Carbon dioxide-13 C ( 13 CO2) was from SI Science Co., Ltd. (Saitama, Japan). Purified water was obtained from a Sartorius purification system (Sartorius AG, Gottingen, Germany). 
General techniques
All the reactions were monitored by TLC on aluminum silica gel plates (TLC silica gel 60F-254, Merck Millipore, Germany) with UV light. Preparative TLC and flash column chromatography were carried out with preparative TLC silica gel plate (60F-254, 20  20 cm 2 , 2 mm, Merck Millipore) and silica gel (40-100 μm, Fuji Silysia, Aichi, Japan) with the indicated solvent system. NMR, LC-MS, and FT-IR analyses were performed at the CREFAS (Collaborated Research Center for Food Functions, Faculty of Agriculture, Shinshu University). NMR spectra in the indicated solvents were recorded using a Bruker DRX500 spectrometer (Bruker BioSpin Corp., Billerica, MA) at 500 MHz for 1 H and 126 MHz for 13 C NMR or a Varian UNITY plus-400 (Varian Inc., Palo Alto, CA) at 400 MHz for 1 H and 100 MHz for 13 C NMR at 25 °C. Chemical shifts were referenced to the signal of TMS as the internal standard. The LC-MS analytical system was a Quattro micro API (MS) with an ACQUITY UPLC (Waters Co., USA). The HPLC separation analyses were performed at 35 °C using a Cadenza HS C-18 reversed-phase column (4.6 × 150 mm 2 ; Imtakt Co., Kyoto, Japan). The elution was performed at a flow rate of 0.8 mL/min using water with 0.5% formic acid and acetonitrile with 0.5% formic acid (3:1 v/v). The UV detection was performed at 215 nm with an injection volume of 20 μL. The mass spectra were acquired in the ESI mode using 3500 V capillary voltage, 50 V cone voltage, 350 L/h N2 gas flow (desolvation), 50 L/h N2 gas flow (cone), 100 °C source temperature, and 350 °C desolvation temperature. The mass spectrometer was operated in the negative mode and SIM mode at m/z 283. IR spectra were recorded on a Jasco FT/IR-480 Plus spectrometer (Jasco Co., Tokyo, Japan). Melting points were determined using a Yanaco MP-S3 micro melting point apparatus (Yanagimoto Co., Kyoto, Japan). The high-resolution MALDI-TOF-MS analyses were performed on an AB SCIEX TOF/TOF 5800 equipped with a 1 kHz a neodymium: yttrium-aluminum-garnet laser (AB SCIEX, Framingham, MA, USA) at the Research Center for Human and Environmental Science at Shinshu University.
Reaction of ferulic acid with (Boc)2O
(E)-4-tert-Butoxycarbonyloxy-3-methoxycinnamic acid (1)
(Boc)2O (0.24 g, 1.1 mmol) was added to a solution of ferulic acid (0.19 g, 1.0 mmol), DMAP (1.2 mg, 0.010 mmol), and TEA (0.14 mL, 1.0 mmol) in DCM (2.0 mL) at 0 °C. After stirring for 2 h, 5% KHSO4 (10 mL) was added, and the product was extracted three times with ethyl acetate (20 mL). The combined organic layer was washed with saturated brine (60 mL), dried over anhydrous Na2SO4 and evaporated under reduced pressure. The residual crude product was purified by silica gel column chromatography (ethyl acetate/hexane, 1:5-1:1 v/v) to afford 1 (0.32 g, 0.76 mmol, 76% yield) as a white crystal; mp 148- 
Typical procedure for protected ferulate monoalkyl carbonate mixed anhydrides 3a-3h.
To a solution of ferulic acid (0.19 g, 1.0 mmol) and TEA (0.30 mL, 2.2 mmol) in DCM (2.0 mL) was slowly added alkyl chloroformate (2.2 mmol) or (Boc)2O (0.48 g, 2.2 mmol) at −15 °C. After stirring for 5 min-2 h, hexane (10-40 mL) was added to the reaction mixture. The precipitate was filtered, and the filtrate was evaporated under reduced pressure. 
(E)-4-tert-Butoxycarbonyloxy-3-methoxycinnamic mono-
(E)-4-iso-Butoxycarbonyloxy-3-methoxycinnamic mono-
iso-butyl carbonic anhydride (3b) Obtained 99% yield using iBocCl, white crystal; mp 49-51 °C. To a solution of each compound 3a-3h (100 μmol) in DCM (100 μL) was added 10 equiv of piperidine (100 μL, 1.0 mmol) at room temperature. After stirring for 3 h, the reaction mixture was extracted thrice with ethyl acetate (30 mL) and washed with 4% KHSO4 aq. solution (30 mL), followed by deionized water (30 mL) and then with saturated brine (30 mL). The combined organic layer was dried over anhydrous Na2SO4 and evaporated under reduced pressure. The crude product was purified by silica gel column chromatography (ethyl acetate/hexane, 1:1-3:1 v/v)
(E)-4-n-Butoxycarbonyloxy-3-methoxycinnamic mono-nbutyl carbonic anhydride (3c)
(E)-4-n-Propyloxycarbonyloxy-3-methoxycinnamic mono-
(E)-4-Ethyloxycarbonyloxy
(E)-4-
2937, 2874, 1797, 1755, 1726, 1631, 1600, 1588, 1509, 1480, 1464, 1419, 1397, 1367, 1326, 1257, 1208, 1159, 1111, 1052, 1017
(E)-N-feruloyl piperidine (4)
Obtained yield from 3a-98%, 3b-97%, 3c-94%, 3d-90%, 3e-73%, 3f-64%, 3g-0%, and 3h-0%, white crystal; mp 138-140 °C. 
MALDI-TOF-MS: [M+K]
+ found m/z 300.0666, required m/z 300.0997.
Typical procedure for tert-and iso-butyl carbonate mixed anhydrides 5a-11
Compounds with tert-butyl groups and iso-butyl groups were synthesized following the procedure as 3a and 3b, respectively. 
(E)-4-tert-Butoxycarbonyloxycinnamic mono-tert-butyl carbonic anhydride (5a)
(E)-4-iso-Butoxycarbonyloxycinnamic mono-iso-butyl carbonic anhydride (5b)
Obtained
(E)-4-iso-Butoxycarbonyloxy-3,5-dimethoxycinnamic mono-iso-butyl carbonic anhydride (6b)
(E)-3,4-Di-tert-butoxycarbonyloxycinnamic mono-tert-butyl carbonic anhydride (7a)
Obtained 72% yield using caffeic acid, colorless oil. 
(E)-3,4-Di-iso-butoxycarbonyloxycinnamic mono-iso-butyl carbonic anhydride (7b)
Obtained 96% yield using caffeic acid, colorless oil. 
4-iso-Butoxycarbonyloxybenzoic mono-iso-butyl carbonic anhydride (8)
3,4,5-Tri-iso-butoxycarbonyloxybenzoic mono-iso-butyl carbonic anhydride (11)
Obtained 90% yield using gallic acid, colorless oil. 
Typical procedure for phenolic acids amides in one-pot reaction
To a solution of phenolic acid (1.0 mmol), 0.050 equiv of DMAP (6.1 mg, 0.050 mmol), and 1.0 equiv of TEA (0.14 mL, 1.0 mmol) in DCM (2.0 mL) was added 2.2 equiv of iBocCl (0.29 mL, 2.2 mmol) at −15 °C. After stirring for 5 min, 10 equiv of amine (10 mmol) was added, and the reaction mixture was stirred at room temperature for 5 h. The crude product was purified by preparative TLC (ethyl acetate/hexane, 5:1 v/v).
(E)-N-iso-propylferuloylamide (12)
Obtained 95% yield using ferulic acid and iso-propyl amine, white crystal; mp 178-180 °C. 1 
(E)-N,N-Di-iso-propyl-p-coumaroylamide (18)
(E)-N,N-Diethylsyringoylamide (26)
Typical procedure for phenolic acids esters in one-pot reaction
To a solution of phenolic acid (0.19 g, 1.0 mmol), 0.050 equiv of DMAP (6.1 mg, 0.050 mmol), and 1.0 equiv of TEA (0.14 mL, 1.0 mmol) in DCM (2.0 mL) was added 2.2 equiv of iBocCl (0.29 mL, 2.2 mmol) at −15 °C. After stirring for 5 min, 3.0 equiv of alcohol (0.12 mL, 3.0 mmol) and 0.1 equiv of DMAP (12 mg, 0.10 mmol) were added, and the reaction mixture was stirred at room temperature. After stirring for 3 h, 10 equiv of piperidine (1.0 mL, 10.0 mmol) was added at 0 °C, and the reaction mixture was stirred at room temperature for 1 h. The crude product was purified by preparative TLC (ethyl acetate/hexane, 1:2 v/v).
Methyl (E)-ferulate (13)
Obtained 90% yield using ferulic acid and methanol, colorless oil. 
Ethyl (E)-ferulate (14)
Obtained 90% yield using ferulic acid and ethanol, colorless oil. 1 H NMR (400 MHz, CDCl3) δ ppm:
Phenyl (E)-ferulate (16)
Obtained 96% yield using ferulic acid and phenol, colorless oil. 
iso-Propyl (E)-p-coumarate (19)
Obtained 82% yield using p-coumaric acid and isopropanol, colorless oil. (27) Obtained 92% yield using protocatechuic acid and phenethyl alcohol, white crystal; mp 128-130 °C. 
Phenethyl (E)-caffeate (21, CAPE)
Obtained 95% yield using caffeic acid and phenethyl alcohol, white crystal; mp 124-126
Synthesis of isotopomers of caffeic acid and CAPE
[1-13 C]3,4-Methylenedioxy benzoic acid (31)
To a solution of 1-bromo-3,4-(methylenedioxy)benzene (30, 0.72 mL, 6.0 mmol) in THF (10 mL) was added 1.0 equiv of 1.6 M butyllithium in hexane solution (3.8 mL, 6 mmol) at -78 °C in an acetone/dry ice bath under N2 atmosphere. After stirring for 15 min, 13 CO2 gas was injected to the mixture by syringe, and the reaction mixture was stirred at room temperature for 15 min. The reaction was quenched by adding water (30 mL). After adjusting the pH to 2.0 with 1.0 M HCl, the product was extracted thrice with ethyl acetate (20 mL) and washed with saturated brine (60 mL). The combined organic layer was dried over anhydrous Na2SO4 and evaporated under reduced pressure to afford compound 31 in 98% yield (0.99 g, 5.9 mmol, white powder; mp 213-215 °C). 1 
[1-13 C]3,4-Methylenedioxy benzyl alcohol (32)
To a solution of compound 31 (0.99 g, 5.9 mmol,) in THF (10 mL) was added dropwise 1.5 equiv of LAH (0.34 g) in THF (10 mL) with constant stirring for 2 h at room temperature under N2 atmosphere. The reaction was quenched by adding water (30 mL). After adjusting the pH to 2.0 with 1.0 M HCl, the product was extracted thrice with ethyl acetate (20 mL) and washed with saturated brine (60 mL). The combined organic layer was dried over anhydrous Na2SO4 and evaporated under reduced pressure. , vmax): 3336, 2885, 1503, 1490, 1444, 1250, 1095, 1039 , 927, 864, 809, 769 cm -1 .
[3-13 C]3-(3,4-Methylenedioxyphenyl)-3-hydroxypropionic acid ethyl ester (34)
To a solution of 3.0 equiv of 2 M LDA in THF/heptane/ethylbenzene (4.5 mL, 9.0 mmol) was added THF (8.0 mL) under N2 atmosphere, and the solution was cooled to -78 °C in an acetone/dry ice bath. The mixture was added to 3.0 equiv of ethyl acetate (0.88 mL, 9.0 mmol) and stirred for 30 min. To the reaction mixture was added dropwise compound 33 (0.45 g, 3.0 mmol) in THF (5.0 mL) with constant stirring for 2 h. The reaction was quenched by adding water (30 mL) at room temperature. After adjusting the pH to 2.0 with 1.0 M HCl, the product was extracted thrice with ethyl acetate (20 mL) and washed with saturated brine (60 mL). The combined organic layer was dried over anhydrous Na2SO4 and evaporated under reduced pressure. The crude product was purified by silica gel column chromatography (ethyl acetate/hexane, 9:1 v/v) to afford 34 (2.4 mmol, 0.57 g, 80% yield) as a yellow oil. 1 
(E)-[3-
13 C]Caffeic acid (36) To a solution of compound 35 (0.51 g, 2.3 mmol) in DCM (5.0 mL) was added 10 equiv of 6.0 M LiOH (27 mL) and methanol (40 mL), and the solution was stirred for 4 h at room temperature. After adjusting the pH to 2.0 with 1.0 M HCl, the product was extracted thrice with ethyl acetate (20 mL) and washed with saturated brine (60 mL). The combined organic layer was dried over anhydrous Na2SO4 and evaporated under reduced pressure. The crude product was purified by silica gel column chromatography (ethyl acetate/hexane, 3:1 v/v) to afford (E)- [3- 13 C]3,4-methylenedioxy cinnamic acid (0.42 g, 2.2 mmol) as a white powder. To a solution of the compound (0.20 mg, 1.0 mmol) in DCM (10 mL) cooled to -90 °C in a liquid nitrogen/methanol bath was added dropwise 5.0 equiv of 1.0 M BBr3-DCM solution (5.2 mL) with constant stirring for 2 min under N2 atmosphere. The reaction was quenched by adding a sodium dihydrogen phosphate solution. After adjusting the pH to 2.0 with 1.0 M HCl, the product was extracted thrice with ethyl acetate (20 mL) and washed with saturated brine (60 mL). The combined organic layer was dried over anhydrous Na2SO4 and evaporated under reduced pressure. The crude product was purified by silica gel column chromatography (DCM/methanol, 9:1 v/v) to afford 36 (0.14 g, 0.78 mmol, 83% yield) as a brown powder; mp 228-230 °C. 
2-[1-13 C]Phenethyl alcohol (37)
To a solution of 2.0 M benzyl magnesium chloride in THF (3.0 mL, 6.0 mmol) cooled to -10 °C was injected 13 CO2 gas by syringe, and the solution was stirred for 30 min. To the mixture was added dropwise 1.0 equiv of LAH (0.23 g, 6.0 mmol) in THF (5.0 mL) with constant stirring for 2 h at room temperature. The reaction was quenched by adding water (30 mL). After adjusting the pH to 2.0 with 1.0 M HCl, the product was extracted thrice with ethyl acetate (20 mL) and washed with saturated brine (60 mL). The combined organic layer was dried over anhydrous Na2SO4 and evaporated under reduced pressure. The crude product was purified by silica gel column chromatography (ethyl acetate/hexane, 5:1 v/v) to afford 37 (0.72 g, 5.8 mmol, 97% yield) as a clear oil. 1 (28) To a solution of (E)-[3-13 C]caffeic acid (0.18 g, 1.0 mmol) in DCM (1.6 mL) and DMF (0.4 mL) was added 3.6 equiv of TEA (0.5 mL, 3.6 mmol) and 3.6 equiv of iBocCl (0.47 mL, 3.6 mmol) at 15 °C. After stirring for 5 min, 2.0 equiv of phenethyl alcohol (0.24 mL, 2.0 mmol) and 0.1 equiv of DMAP (12 mg, 0.1 mmol) were added, and the mixture was stirred at room temperature After stirring for 3 h, 10.0 equiv of piperidine (1.0 mL, 10.0 mmol) was added, and the reaction mixture was stirred at 0 °C for 1 h. The product was extracted thrice with ethyl acetate and washed with 1.0 M HCl, followed by saturated NaCl aq. for twice and then with saturated brine. The combined organic layer was dried over anhydrous Na2SO4 and evaporated under reduced pressure. The crude product was purified by silica gel column chromatography (ethyl acetate/hexane, 1:3-1:1 v/v) to afford compound 28 (263 mg, 0.92 mmol, 91% yield, white powder; mp 123-125 °C). , vmax): 3334, 1683, 1594, 1516, 1445, 1376, 1274, 1178 
